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IMAGE FORMING APPARATUS FOR
EFFICIENTLY STORING DEVELOPED
PRINT DATA DEPENDING ON SITUATIONS
AND AN IMAGE FORMING METHOD
THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to a print control method in
which code data such as PDL 1s converted into image data
and printing 1s carried out.

Conventionally, when printing a document prepared by a
personal computer (PC) or the like, a document prepared by
an application program with use of a driver or library of the
PC 1s converted into code data called a page description
language (PDL) such as postscript or PCL. The code data is
transterred to a printer through a network to perform print-
ing. The printer comprises a printer controller and a printer
engine. The printer controller mterprets the code data to
prepare a document 1mage of a bit map. The printer engine
receives the image data through a video I/F from the printer
controller and performs printing onto a paper sheet. If the
printer has a library for developing a file of an application
program 1nto an 1mage, it 1s considered that printing can be
achieved from an application file (in form of code data).

In recent years, networks have been developed and envi-
ronments for network printers as described above have been
almost prepared. However, 1t takes a long time to develop
code data such as PDL 1mnto a bit map image, and besides, a
sorting device or a finisher has not yet been sufficiently
prepared. Therefore, a first set of a document 1s printed by
a network printer and copies are prepared by a copying
machine where a plurality of sets of copies are required.

In order to print a plurality of sets of a document,
rendering processing for developing every page into an
image 1s carried out, and 1mage data after rendering 1s stored
into a hard disk (HDD) directly or after compression. When
printing a second or later set of the document, 1image data
stored 1n the HDD or compressed data is expanded to
perform a printing output without performing rendering.
Since rendering 1s processing which takes a very long time,
image data once prepared by rendering 1s thus stored 1nto a
HDD and 1s used for printing a plurality of sets of a
document. The time required for rendering can be abbrevi-
ated and the processing speed can be improved. However,
when the storage capacity of the HDD 1s tull, image data
itself cannot be stored and rendering must be carried out
based on code data as for second and later sets of a
document, resulting in a problem that printing cannot be
performed at a higher speed.

As has been explained above, a conventional printer
controller has a problem that no 1dea has not been made to
improve the printing speed 1n consideration of the rendering
fime and the data amount of 1mage data prepared by ren-
dering.

BRIEF SUMMARY OF THE INVENTION

The present invention has an object of providing a print
control method capable of printing a plurality of sets of one
same document by efficiently storing image data after ren-
dering 1n consideration of a rendering time and a data
amount of 1mage data prepared by rendering, and a printing
apparatus using the print control method.

The present mvention provides an 1mage forming appa-
ratus comprises preparing means for preparing print data for
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2

every page corresponding to inputted code data; storage
means for storing the print data prepared by the preparing

means; printing means for performing printing correspond-
ing to the print data stored by the storage means when there
1s any print data stored by the storage means, and corre-
sponding to the print data prepared by the preparing means
when no print data 1s stored by the storage means; and
controlling means for comparing a data amount of the print
data with an empty capacity of the storage means, and for
controlling the storage means so as to store the print data
when the empty capacity 1s larger than the data amount, and
for controlling the storage means so as not to store the print
data and controlling each means such that the data amount
1s not compared with the empty capacity when the data
amount 1s smaller than the empty amount.

As described above, the present mvention provides an
image forming apparatus in which print data subjected to
rendering 1s stored 1nto an empty area 1f an empty area exists
in a storage area. For example, in case where a printer 1s
connected to a personal computer and a plurality of sets each
consisting of a document of a plurality of pages and the
plurality of sets each consisting of a plurality of pages are to
be printed 1n the structure as described above, 1mage data
subjected to rendering 1n printing of a first set of the
document 1s not erased but 1s stored 1nto a hard disk or the
like. In this manner, the image data can be used for printing
a second or later set of the document. In this arrangement,
rendering processing which requires a long processing time
can be omitted from the operation for printing the second
and later sets of the document, so that the entire print
processing time can be shortened. Further, 1t should be noted
that image data 1s not stored evenly but image data 1s stored
as much as possible. When 1t 1s determined that image data
cannot be stored any more, any more 1mage data 1s not
stored. As for the second and later sets of the document,
image data which can be used and which has been stored 1s
used, and those pages whose 1mage data has not been stored
are subjected to rendering processing for every page.

According to another embodiment of the present
invention, the determination as to whether or not image data
should be stored 1s made 1n various ways. In association with
fine storage processing and data deletion processing
matched with the situation, rendering processing and storage
processing of 1image data can be performed under an optimal
condition. As a result, the present invention does not use
evenly image data but performs optimal processing, depend-
ing upon circumstances, unlike a conventional apparatus. It
1s therefore possible to provide an image forming apparatus
which realizes rapid print processing with the highest
efficiency, and an 1mage processing method using the appa-
ratus.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the mstrumen-
talities and combinations particularly pointed out hereinai-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments give below, serve to
explain the principles of the invention.
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FIG. 1 1s a view showing a structure example of a printing,
apparatus according to an embodiment of the present mven-
tion;

FIG. 2 1s a flowchart for explaining basic operation of a
printer controller (where no HDD 1s used);

FIG. 3 1s a view showing an example of timings of
rendering and print operation, corresponding to FIG. 2;

FIG. 4 1s a flowchart for explaining basic operation of a
printer controller (where a HDD 1s used);

FIG. 5 1s a view showing an example of timings of
rendering and print operation, corresponding to FIG. 4;

FIG. 6 1s a view showing an example of storage of data
in the hard disk (HDD) shown in FIG. 1;

FIG. 7 1s a table showing an example of management
information stored in the hard disk (HDD) shown in FIG. 1;

FIG. 8 1s a table showing an example of management
information prepared on the memory shown 1 FIG. 1;

FIG. 9 1s a flowchart for explaining a first embodiment
according to the present embodiment;

FIG. 10 1s a view showing timings of rendering,
compression, expansion, HDD writing, HDD reading, and
print operation corresponding to FIG. 9;

FIG. 11 1s a flowchart for explaining a second embodi-
ment,;

FIG. 12 1s a view showing an example of timings of
rendering, compression, expansion, HDD writing, HDD
reading, and print operation, corresponding to FIG. 11;

FIG. 13 1s a flowchart for explaining a third embodiment;

FIG. 14 1s a view showing an example of timings of
rendering, compression, expansion, HDD writing, HDD
reading, and print operation, corresponding to FIG. 13;

FIG. 15 1s a flowchart for explaining a fourth embodi-
ment,;

FIG. 16 1s a view showing an example of timings of
rendering, compression, expansion, HDD writing, HDD
reading, and print operation, corresponding to FIG. 15;

FIG. 17 1s a view showing an example of management
information which 1s prepared on the memory shown 1n FIG.
1, and which 1s updated according to a fifth embodiment;

FIG. 18 1s a flowchart for explaming a fifth embodiment
according to the fifth embodiment;

FIG. 19 1s a view showing an example of timings of
rendering, compression, expansion, HDD writing, HDD
reading, and print operation, corresponding to FIG. 18;

FIG. 20 1s a flowchart for explaining a sixth embodiment;
and

FIG. 21 1s a view showing an example of timings of
rendering, compression, expansion, HDD writing, HDD
reading, and print operation, corresponding to FIG. 20.

DETAILED DESCRIPTION OF THE
INVENTION

In the following, embodiments of the present invention
will be explained with reference to the drawings.

FIG. 1 shows a structure example of a printer (printing
apparatus) according to the present embodiment. The printer
1 is connected to a personal computer (PC) 3 as a client
terminal, for example, through a LAN (local area network)
2. A plurality of client terminals may be used.

The printer 1 1s roughly divided mnto two components one
of which is a printer controller (or print control device) 10
and a printer engine 11. The printer controller receives print
document code data from the PC 3 and develops the data
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into 1mage data 1n form of a bit map, and the printer engine
11 1s connected to the printer controller 10 through a printer
interface (I/F) 108 and prints the 1image data onto a paper
sheet when the 1mage data 1s transferred from the printer
controller 10 1n synchronism with the printing speed.

The printer controller 10 comprises a CPU 101, a memory
102, a HDD 105, a timer 104, a control panel 103, a CODEC
106, a LAN interface (I/F) 107, and a printer I/F 108. The
CPU 101 interprets code data transterred from the PC 3 to
prepares 1image data, and performs total control of the printer
such as control of the LAN 2 and the printer engine 11. The
memory 102 temporarily stores a program for performing
rendering processing and developed image data. The HDD
105 stores a large amount of data such as code data of a
document, 1mage data developed 1nto a bit map, compressed
data obtained by compressing 1image data, data management
information, and the like. The timer 104 measures time. The
control panel 103 displays an error and performs operation.
The CODEC 106 prepares compressed data from 1mage data
prepared 1n a page memory area of the memory 102, so that
the compressed data 1s stored into the HDD 105 or the
memory 102, or inversely expand compressed data so that
the compressed data 1s converted into 1mage data. The LAN
interface (I/F) 107 connects the PC3 with the LAN 2. The
printer I/F 108 1s used to connect the printer engine 11. The
CPU 101, memory 102, control panel 103, timer 104, HDD
105, CODEC 106, LAN I/F 107, and the printer I/F 108 are

connected through an internal bus 109.

Next, explanation of basic operation of the printer con-
troller will be made below prior to explanation of operation
of the printer according to an embodiment of the present
invention. Specifically, explanation will be made to opera-
tion 1n which printing 1s performed on a plurality of sets of
sheets 1n both of the cases where the HDD 105 1s not used
and where the HDD 105 1s used.

Firstly, explanation will be made of operation for per-
forming a plurality of sets of sheets without using the HDD
105 with reference to a flowchart shown m FIG. 2 and a
timing chart shown 1n FIG. 3.

In the PC 3, a document which requires printing 1s
prepared on an application. By specifying printing 1n the
application, a driver or a library of the PC 3 converts a
document file mto code data such as PDL or the like and
transfers code data to the printer 1 through the LAN 2 by
communication. The code data include the number of pages
constituting a document and the number of sets of sheets to
be printed 1n addition to document code data obtained by
encoding a document 1mage.

Code data transferred through the LAN 2 1is received by
the LAN I/F 107 and 1s stored into the memory 102 through
the bus 109. The code data stored 1n the memory 102 1s read
out by the CPU 101, and rendering of the first page 1s carried
out while mterpreting document code data after the size and
the number of paper sheets, and the number of sets of paper
sheets are confirmed (steps S1 to S2). Rendering is an
operation of preparing 1mage data 1in form of a bit map for
forming an 1mage on a paper sheet. The 1image data thus
prepared 1s stored 1nto a page memory area 1n the memory

102.

Upon completion of rendering of the first page, operation
of the printer engine 11 1s started through the printer I/F 108
and a paper sheet 1s supplied. Thereafter, image data 1s read
out from the memory 102, 1s transferred to the printer engine

1 through the printer I/F 108, and i1s printed onto a paper
sheet (Step S3).

In the manner described above, printing of the first page
1s completed. Printing of a second page 1s carried out by
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interpreting document code data by the CPU 101 like in the
case of the first page, to form 1mage data 1n the memory 102.
In this time, 1f the memory area in the memory 102 has only.
a memory capacity for one page, image data 1s prepared by
clearing or overwriting one same memory are. By repeating
this operation for an antilogarithm number of sheets of a
document, printing of a first set of document 1s completed

(steps S4 to S5 and steps S2 to S4).

Printing operation for second and later sets of document
1s carried out by repeating printing of the first set of
document described above. That 1s, as shown 1n the flow-
chart in FIG. 2 and the timing chart in FIG. 3, rendering and
printing are repeated for every one of pages.

Next, printing of a plurality of sets of document using the
HDD 15 will be explained with reference to the timing chart

shown 1n the flowchart shown 1n FIG. 4 and the timing chart
shown 1n FIG. §.

Firstly, a document requiring printing is prepared on an
application 1 the PC 3. By specilying printing in the
application, a driver or a library of the PC 3 converts the
document file 1nto code data such as PDL and transfers the
code data to the printer 1 through the LAN 2.

The code data transferred to the LAN 2 1s received by the
LAN I/F 107 and 1s stored into the memory 102. The code
data stored into the memory 102 is read out by the CPU 101,
and rendering of the first page 1s performed while interpret-
ing document code data after the sheet size, the algorithm
number, and the number of sets are confirmed (steps S11 to
S13). Image data thus prepared is stored into the page
memory area 1n the memory 102.

Upon completion of rendering of the first page, operation
of the printer engine 11 1s started through the printer I/F 108
and a paper sheet 1s supplied. Thereafter, image data 1s read
out from the memory 102 and is transferred to the printer
engine 11 through the printer I/F 108. Printing on the paper
sheet is then carried out (step S14). Simultaneously, image
data 1s read out from the memory 102 and 1s inputted mnto the
CODEC 106, so that the 1image data is compressed (step
S15). Note that the compression system in the CODEC 106
may be a LZ system, MH system, or MMR system as a
loss-less system. Compression 1s carried out so as not to
waste the capacity of the HDD 105 as much as possible and
to 1ncrease the data transfer speed of the HDD 105 as high
as possible. Compression needs not always be carried out.

The data compressed by the CODEC 106 1s once stored
into the work area of the memory 102, and 1s thereafter
stored into the HDD 108 (step S16).

Next, as for printing of a second page, document code
data 1s interpreted by the CPU 101 1n a similar manner and
image data 1s formed 1n the memory 102. In this time, 1f the
page memory area of the memory 102 has only a memory
capacity equivalent to one page, image data is prepared by
clearing or overwriting one same memory arca after printing
of the first page. The operation described above 1s repeatedly
carried out for the number of pages constituting a document,

thus completing printing of a first set of document (steps S17
to S18 and steps S13 to S17).

As for a second set of document (step S19), compressed
data of the first page 1s read out from the HDD 105 and 1s
temporarily stored into the memory 102 (step 20). The
compressed data 1s read out from the memory 102 and is
transterred to the CODEC 106 and 1s then subjected to
expansion processing, to prepare original image data which
is stored into the page memory area of the memory 102 (step
S21). The image data is read out from the memory 102 and
1s transferred to the printer engine 11 through the printer I/F
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108, thus completing printing of the first page of the second
set of document (step S22).

Likewise, compressed data of the second page and later
pages 1s read out from the HDD 105, and printing 1s
repeatedly carried out by the printer engine 11 after expla-

nation of the data. Printing of the second set of document 1s
thus completed (steps S23 to S24 and steps S20 to S22).

As for the third and later sets of document, printing 1s
carried out 1n the same manner as 1n case of the second set.

If a printing instruction from the PC 3 instructs only
printing and does not mstructs filing of compressed data and
code data, a memory space for the case where printing 1s
instructed next can be maintained by erasing compressed
data stored 1in the HDD 1035 for printing of the second and
later sets after completion of printing.

In case of printing a plurality of sets of document, as 1s
apparent from comparison between FIGS. 3 and 5, the time
required for rendering can be more shorted and the second
and later sets of document can be printed at a higher speed
in the case (shown in FIG. §) where image data rendered is
stored mto a memory device such as a HDD 105 when
printing a first set of document and 1mage data of each page
1s read out from the HDD 105 and expanded upon necessity
and printed, as shown 1n FIG. 4, compared with the case
(shown in FIG. 3) where code data of each page is rendered
every time one set of document 1s printed.

In the following, explanation will be made of print control
operation of a printer controller according to an embodiment
of the present invention.

FIG. 6 shows an example of stored data. Program data 1s
of a program used by the printer controller 10, font data 1s
various character data used for developing code data into
image data. Document information stores compressed data
obtained by compressing 1image data, or code data, so that
rendered 1mage data can be stored and printing can be
performed 1n accordance with a request from the PC 3
without rendering.

As shown 1n FIG. 6, there are two types of documents one
of which 1s a type of document (such as a document 1 or 2)
which stores code data as original data together with com-
pressed data, and the other of which 1s a type of document
(such as a document 3) which does not store code data.
Although the code data can be divided into units of pages,
the code data 1s stored in units of documents 1n the present
embodiment.

Management information 1s used to manage document
data stored 1in the HDD 105 and has a structure shown in
FIG. 7. The management information consists of a document
name, presence or absence of code data, presence or absence
of compressed data, pages, a sector number 1n the HDD, a
data capacity, and a rendering time.

From FIG. 7, 1t 1s known that the document 1 1s a
document which consists of 4 pages and stores code data and
compressed data. Code data 1s stored at a sector number
10,000 with a volume of 20 KB. Also, from the figure, it 1s
known that the first page 1s stored at a sector number 10020
with a volume of 15 MB and 180 seconds are required for
rendering. The document 3 does not include code data but
only compressed data thereof 1s stored. The document 4 does
not 1include compressed data but only code data thereof 1s
stored. The document 4 does not mclude compressed data
but only code data thereof 1s stored. The document data 1s
data managed by the printer controller 10, and printing 1is
enabled without transferring code data from the PC 3.

The storing state of the HDD 105 (in the first
embodiment) is as shown in FIG. 7. Operation of the printer
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1 shown 1n FIG. 1 1n case of printing two sets of the
document 2 will be explained with reference to the flowchart
shown in FIG. 9. Note that the document 5 includes four
pages.

At first, code data of the document 5 1s transferred to the
LAN I/F 107 of the printer controller 10 through the LAN
2 from the PC 3, and the LAN I/F 107 stores the received
code data of the document 5 into a work area of the memory
102. Next, the CPU 101 interprets the code data on the
memory 102 and recognizes that two sets each consisting of
a document of four pages are to be printed. Then, the CPU
101 goes into rendering processing of code data (steps S101

to S102).

Firstly, to perform rendering of the first page of the
document 5, the timer 104 1s started and simultaneously
code data 1s interpreted to prepare 1mage data i1n the page
memory are of the memory 102. Upon completion of
rendering, the timer 104 1s stopped and the rendering time 1s
stored.

To print prepared 1image data, the CPU 101 nstructs the
printer engine 11 to make preparation for printing through
the printer I/F 108. Next, image data of the first page of the
document 3 1s transferred to the printer engine 11 through
the printer I/F 108 thereby to complete printing (step S107).

At the same time when the print processing 1s carried out,
the CPU 101 checks whether or not a storage area (or empty
area) for data exists in the HDD 1085. If there is a storage
arca, 1mage data of the first page of the document 5 1s read
out from the memory 102 and 1s transferred to the CODEC
106. Thereafter, compressed data 1s stored into the memory
102. In this time, the data capacity of the compressed data
1s confirmed. If there 1s an empty capacity equivalent to the
compressed data, the compressed data of the first page 1s

stored into the HDD 105 (steps S105 to S106).

Upon completion of the operation described above, code
data of the second page of the document 3 1s interpreted and

image data 1s prepared. Printing by the printer engine 11 and
storage into the HDD 108 are repeated (steps S108 to S109

and steps S103 to S108).

In the printing operation of the first set of document
presently being printed, the CPU 101 prepares management
information as shown in FIG. 8 on the memory 102 to
manage the condition of the data of pages to be printed.
From FIG. 8, it 1s known that the first and second pages of
the document 5 are compressed and stored in the HDD 105
but compressed data of the third and fourth pages of the
document 5 1s not stored 1n the HDD 103. In case of printing
second and later sets of the document, rendering processing
needs to be performed from code data. If compressed data 1s
stored 1n the HDD 105, the sector number of the HDD 105
at which the compressed data 1s stored and the data amount
of the compressed data, the rendering time measured by the
timer 104 is stored as shown 1n FIG. 8.

Based on the management information on the memory
102 as shown 1n FIG. 8, printing of second and later sets of
the document 1s carried out.

Next, consideration will be taken 1nto a case that the HDD
includes no empty capacity and the compressed image data
cannot be stored (step S105), when code data of the third
page of the document 5 1s interpreted, developed 1nto 1mage
data, and printed, and when the code data 1s simultaneously
compressed by the CODEC 106. For example, the empty
capacity of the HDD 1035 at the time 1s 37 MB when printing
of the document 5. However, the storage capacity 1s appar-
ently insufficient since 1t 1s known from the management
information shown 1n FIG. 8 that the compressed data of the
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first page of the document 5 1s 12 MB, the compressed data
of the second page of the document 5 1s 20 MB, and further,

the compressed data of the third page of the document 5 1s
16 MB.

If 1t 1s determined 1n the step S105 that the HDD 105 does
not have a capacity enough to store the compressed data of
the third page of the document §, writing 1into the HDD 105
1s not carried out any more but the operation goes to the step
S110. After printing, data temporarily stored in the memory
102 1s not stored into the HDD 105 but 1s erased directly.
Code data of the next fourth page of the document 5 1s
subjected to rendering to prepare 1image data on the memory
102. Image data 1s transferred to the printer engine 11
through the printer I/F 108, and printing 1s than carried out.
In this time, since the compressed data of the third page of
the document 5 could not be stored, 1mage data of the fourth
page of the document § 1s not compressed by the CODEC
106 but printing of the 1mage data of the fourth page of the
document 5§ 1s completed. Printing of the first set of the
document 3 is thereby completed (steps S110 to S113).

Next, the operation goes to printing of the second set of
the document. As for the second set of the document, data of
the first and second pages of the document 5 1s stored 1 the
HDD 105, as image data whose rendering has been com-
pleted (step S115). Therefore, the CPU 101 firstly reads out
compressed. data of the first page of the document 5 from the
HDD 105, and the compressed data of the first page 1s once
stored 1nto the memory 102. The compressed data 1s trans-
ferred to the CODEC 106 and 1s expanded. Thereafter,
image data 1s stored into the page memory area in the
memory 102 (steps S116 to S117). The image data is read
out from the memory 102 and 1s transferred to the printer
engine 11. Thus, printing of the 1image data of the first page
of the document § is carried out (step S119).

As for the second page of the document 5 (steps S120 to
S121), since compressed data is stored in the HDD 105 like
the first page of the document 5, the same processing as

described above is carried out to perform printing (steps
S115 to S119).

As for the third and fourth pages of the document §, since
compressed data thereof could not be stored mto the HDD
105, rendering from the code data stored 1n the memory 102
1s carried out like 1n the case of the first set and printing

thereof is then carried out (steps S115, S118, and S119). In
this manner, two sets of the printed document 5 are obtained.

As 15 apparent from the timing chart shown in FIG. 10,
rendering processing 1s not carried out with respect to the
first and second pages of the document 5 1n the printing
operation for the second set of the document. Therefore,
printing of the second and later sets of the document 1s
carried out at a higher speed.

As described above, according to the first embodiment,
image data (or compressed data) of a certain page obtained
by rendering code data 1s stored into the HDD 1035. In this
time, whether or not the volume of the compressed data of
the 1mage data 1s smaller than the remaining capacity of the
storage arca of the HDD 105 1s determined. If there remains
a sufliciently large capacity, the compressed data 1s stored
and 1s used for printing the second set of the document. If
there remains no enough empty capacity, compressed data of
image data of the certain page and the later pages 1s not
stored. In this manner, rendering processing which requires
a long processing time can be abbreviated as for the second
and later sets of the document, so that the entire print
processing time can be shortened. That 1s, in the present
embodiment, 1mage data 1s not uniformly stored but the
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amount of the 1mage data that can be stored 1s stored. If it
determined that the 1mage data cannot be stored, the other
amount of the 1mage data 1s not stored. As for the second and
later sets of the document, usable 1image data which has once
been stored 1s used and rendering processing 1s carried out

as for every of the pages not stored.

In this manner, image data can be used in an optimal
situation.

(Second Embodiment)

A second embodiment of the present invention will be
explained with reference to the flowchart shown in FIG. 11.
Note that the explanation will be made of a portion which
differs from the print control operation of the first embodi-
ment.

Like the above explanation of the first embodiment, the
HDD 105 has no empty capacity and 1image data cannot be
stored when 1mage data of the third page of the document 5
1s compressed by the CODEC 106 and compressed data 1s
stored 1nto the HDD 103. In this situation, 1mage data of the
third page of the document 5 1s completely transferred to the
printer engine 11, and then, 1image data of the third page of
the document 5 on the memory 102 1s erased. Code data of
the next fourth page of the document 5 1s rendered thereby
to prepare 1mage data on the memory 102, and 1image data
1s transferred to the printer engine 11 through. the printer I/F
108. Printing 1s thus carried out (steps S203 to S204).

In the second embodiment, at the same time, 1mage data
of the fourth page 1s compressed by the CODEC 106 (step
S205), and the compressed data is once stored into the
memory 102. Whether or not the 1mage data can be stored
into the HDD 105 is confirmed (step S206).

The compressed image data of the fourth page of the
document 5 1s as small as 5 MB as 1s apparent from the
management information shown 1n FIG. 8 and can be stored
into the HDD 105. In this case, compressed data 1s read out
from the memory 102 and is written into the HDD 105 (step
S207).

Upon completion of printing of image data of the fourth
page of the document 5, printing of the first set of the
document 5 1s completed.

The processes on steps 210 to 217 1s the same contents as
the processes on the steps 114 to 120 mn FIG. 9, so the
explanation 1s omitted.

As 1s apparent from the timing chart shown 1 FIG. 12, 1n
the printing operation of the second, rendering processing 1s
not carried out with respect to the first, second, and fourth
pages of the document 5, and therefore, second and later sets
of the document 5 can be printed at a higher speed.

As described above, according to the second embodiment,
image data (or compressed data) of a certain page obtained
by rendering code data 1s stored into the HDD 105 1n the
printing operation for the first set of a document. In this time,
whether or not the volume of the compressed data of the
image data 1s smaller than the remaining capacity of the
storage arca of the HDD 105 1s determined. If there remains
a suiliciently large capacity, the compressed data 1s stored
and 1s used for printing the second set of the document. If
there remains no enough empty capacity, the compressed
data of the image data of the certain page and the later pages
1s not stored.

However, the second embodiment 1s different from the
first embodiment 1n that the volume of compressed data of
every page 1s subsequently compared with the empty capac-
ity of the HDD 108. That 1s, the volume of the compressed
data of 1image data varies depending on the configuration of
pages. If any later page requires only a small volume, the
compressed data of the image data of such a page can be
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stored. In the print processing operation according to the
seccond embodiment, such fine comparison processing 1s
carried out for every page, and thus, optimal recycle use of
image data can be realized so that the speed of the print
operation can be improved.

(Third Embodiment)

A third embodiment of the present invention will be
explained with reference to the flowchart shown 1n FIG. 13.
Note that explanation will be made of a portion which differs
from the first embodiment.

Like the first embodiment described above, the HDD 105
has no empty capacity and image data cannot be stored when
image data of the third page of the document § 1s com-
pressed by the CODEC 106 and the compressed data 1s to be
stored into the HDD 10S. In this situation (step S305), the
image data of the third page of the document 5 1s transferred
to the printer engine 11 and then printed (step S310).

According to the third embodiment, at the same time, the
data amount of the compressed data of the first and second
pages already stored 1n the HDD 105 1s compared with the
data amount of the compressed data of the third page (step
S307).

As 1mdicated by the management mmformation shown 1in
FIG. 8, the compressed data of the third page of the
document 5 1s 16 MB and is thus smaller than the com-
pressed data of the second page. Therefore, the compressed
data of the second page of the document 5 1s erased from the
HDD 105 (step S308), and the compressed data of the third
page of the document 5 1s stored 1nto the HDD 105 1n place
of the erased data (step S309).

Next, rendering of the code data of the fourth page 1s
carried out to prepare 1mage data on the memory 102. The
image data 1s transferred to the printer engine 11 through the
printer I/F 108 and printing is carried out (steps S311, S312,
and S310). At the same time, compression 1s performed by
the CODEC 106 (step S304), the compressed data 1s once
stored into the memory 102, and whether or not the com-
pressed data can be stored into the HDD 1035 1s confirmed
(step S306). In this manner, printing of the image data of the
fourth page 1s completed and printing of the first set of the
document 5 1s terminated.

The processes on the steps 313 to 320 1s the same contents
on the steps 114 to 120 in FIG. 9, so the explanation is
omitted.

For example, according to the first embodiment, since
only the compressed image data of the first and second pages
of the document 5 could be stored into the HDD 1085,
rendering processing for the two pages needs to be carried
out 1n the print operation for the second and later sets of a
document. In contrast according to the third embodiment,
since compressed 1image data of the first, third, and fourth
pages could be stored mnto the HDD 103 as 1s apparent from
FIG. 14, rendering processing of the second page needs to be
carried out 1n the print operation for the second and later sets
of the document. Therefore, print operation of the second
and later sets of the document 1s carried out at a higher
speed.

In addition, the HDD 1035 has only an empty capacity of
3’7 MB when printing of the document § 1s started. In this
fime, according to the second embodiment, compressed
image data of the second page and that of the third page are
stored 1nto the HDD 105 without replacing these two pieces
of data, and therefore, compressed image data of the first,
second and fourth pages 1s added together to create total 37
MB. However, 1n the print operation according to the third
embodiment, compressed 1image data of the first, third, and
fourth pages which create total 37 MB 1s stored into the
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HDD 105 by replacing the compressed 1image data of the
second page and that of the third page. Further, 4 MB of
empty capacity remains 1n the HDD 105. If the document 5
has a fifth page and the compressed 1image data of the fifth
page 1s 4 MB or less, the 1mage data of the fifth page can be
stored mto the HDD 1035, and therefore, rendering process-
ing 1s not required for the fifth page when printing the
second and later sets. Therefore, the print operation of the
second and later sets can be carried out at a higher speed.

As described above, according to the third embodiment, 11
the HDD 105 does not have an empty capacity enough to
store the image data (or compressed data) of each page,
ciiicient storing of 1image data is realized by deleting only the
image data having the maximum data amount, unlike the
print control operation according to the first and second
embodiments. That 1s, whether or not there 1s an empty
capacity equivalent to the data amount of the compressed
data is checked for every page when the image data (or
compressed data) of each page obtained by rendering code
data 1s stored into the HDD 1035 1n the print operation of the
first set. If there 1s no empty capacity equivalent to the data
amount of the compressed data of a certain page, when there
1s compressed 1mage data whose data amount 1s the largest
among pieces of compressed 1image data of respective pages
of the document already stored 1 the HDD 108§, imncluding
pages whose compressed 1mage data 1s to be stored there-
after. The compressed 1mage data having the largest data
amount 1s erased and the compressed data of the certain page
1s stored into the HDD 105.

In several cases, the volume of 1image data may greatly
differs depending on pages. Therefore, for example, pieces
of data of three pages having smaller capacities can be stored
by deleting the data having the largest amount, and the total
print processing time can be shortened.

(Fourth Embodiment)

A fourth embodiment of the present imvention will be
explained with reference to the flowchart shown 1n FIG. 185.
Note that explanation will be made of a portion different
from the first embodiment.

In the fourth embodiment, the timer 104 1s started at the
same time when rendering processing ol every page 1S
started and the time 1s measured when the rendering pro-
cessing 1s terminated.

Like the first embodiment described above, the i1mage
data of the third page of the document 5 1s transferred to the
printer engine 11 and then printed (step S420), in a situation
(step S415) that the HDD 105 has no empty capacity and
image data cannot be stored when image data of the third
page of the document 5 1s compressed by the CODEC 106
and the compressed data 1s to be stored mto the HDD 105.

In the fourth embodiment, at the same time, the rendering,
times of the first and second pages of the document S already
stored 1n the HDD 1035 are compared with the rendering time
of the third page of the document 5, with reference to the
management information shown in FIG. 8 (step S417).

As 1ndicated 1n the management mmformation in FIG. 8,
the rendering time of the third page 1s 100 seconds and 1s
longer than the rendering time of 30 seconds of the first page
but 1s shorter than the rendering time of 150 seconds of the
second page. In addition, the compressed data 16 MB of the
third page cannot stored 1nto the empty capacity 5 MB of the
HDD 1035 at present. However, the compressed data 16 MB
of the third page can be stored 1f the compressed data 12 MB
of the first page 1s deleted. Therefore, the compressed data
of the first page of the document 5 1s deleted from the HDD
105 (step S418), and the compressed data of the third page
is stored into the HDD 105 (step S419).
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The processes on the steps 423 to 430 1s the same contents
as the processes on the steps 114 to 120 1n FIG. 9, so the
explanation 1s omitted.

For example, according to the first embodiment, since
only the compressed image data of the first and second pages
of the document S can be stored into the HDD 105, rendering
processing of the two pages must be carried out 1n the print
operation of the second and later sets of the document. That
1s, according to the first embodiment, rendering of the third
page takes 100 seconds and rendering of the fourth page
takes 10 seconds, 1.€., a rendering time of total 110 seconds
1s taken for the third and fourth pages in the print operation
of the second or later set of the document. In contrast,
according to the fourth embodiment, as 1s apparent from the

timing chart shown in FIG. 16, rendering of the first page
takes 30 seconds and rendering of the fourth page takes 10
seconds, 1.¢., only a rendering time of total 40 seconds is
required so that the print operation of the second and later set

of a document can be performed at a high speed.
As described above, according to the fourth embodiment,

it the HDD 1035 does not have an empty capacity enough to
store image data (or compressed data) of each page, image
data of another page is stored by deleting the 1mage data
which takes the shortest rendering time. This 1s based on an
intention that extension of the entire processing time can be
reduced to be shortest as far as the rendering time 1s the
shortest even if rendering must be performed for every page
without storing an 1mage.

Specifically, in the print operation of the first set, whether
or not an empty capacity equivalent to the data amount of the
compressed data of a certain page remains in the HDD 105
is checked for every page, when image data (or compressed
data) of each page obtained by rendering code data is stored
into the HDD 105. If there 1s no empty capacity equivalent
to the data amount of the compressed data of the certain
page, and 1f there 1s compressed 1mage data of a page having
the shortest rendering time among pieces of compressed
image data of pages of one same document which have
already been stored, mncluding pieces of compressed 1image
data of pages to be stored later. The compressed 1mage data
having the shortest rendering time 1s erased and the 1image
data of the page 1s stored into the HDD 1035. In this manner,
in the print operation of the second and later pages, the print
operation of the pages whose 1mage data has been stored 1n
the HDD 1035 requires no rendering processing, and even it
any of the pages requires rendering, the processing times of
all such pages are short, so that the print operation can be
performed at a higher speed.

(Fifth Embodiment)

The pieces of image data (which may be compressed)
after being subjected to rendering, which have been printed
before, may be stored upon request from the PC 3. Since
rendering requires a certain processing time, it may take a
certain time even 1f printing should be soon started.
Theretfore, the 1mage data of a document which 1s used very
frequently, after rendering, 1s not erased but 1s kept stored 1n
the HDD 105 after completion of the print operation.
Further, the 1mage data may be directly printed by simply
instructing a document to a printer (upon necessity). The
speed of the print operation can be improved, compared with
a case 1n which code data 1s transmitted from the PC 3 every
fime printing 1s required.

Note that image data whose rendering has been completed
or data obtained by compressing image data as well as code
data may be stored into the HDD 1035. In this case, the 1image
data can be reproduced by rendering processing since code
data 1s stored 1n the HDD 105 even 1f 1image data 1s erased
due to any processing.
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Under this situation, the fifth embodiment will be
explained with reference to the flowchart shown in FIG. 18.
Note that a portion different from the first embodiment will
be explained below.

Like the first embodiment described above, the 1mage
data of the third page of the document 5 1s transferred to the
printer engine 11 and then printed (step S510), in a situation
(step S505) that the HDD 105 has no empty capacity and
image data cannot be stored when image data of the third
page of the document 5 1s compressed by the CODEC 106
and the compressed data 1s to be stored mto the HDD 105.

In the fifth embodiment, at the same time, an area capable
of storing compressed data 16 MB of the third page of the
document 3 1s retrieved from any other document than the
document 5 subjected to print processing at present (step
S507).

In this time, the management information shown in FIG.
7 1s used. From the management mnformation, it 1s known
that the other documents stored in the HDD 105 than the
document 5§ are documents 1, 2, 3, and 4. Among these
documents, code data of the document 3 1s not stored, and
any compressed data of the document 3 cannot be recovered
if 1t 1s once deleted. Therefore, the compressed data of the
document 3 cannot be deleted. As for the document 4, only
code data thereof 1s stored, and therefore, the compressed
data cannot be deleted. However, as for each of the docu-
ments 1 and 2, both the code data and 1mage data are stored,
and therefore, the compressed 1mage data of a page having
an appropriate data amount can be erased. That 1s, since the
compressed 1mage data of the third page of the document 5
1s 16 MB, the compressed data of the third page of the
document 5 can be stored 1into the HDD 105 by deleting the
compressed data 20 MB of the second page of the document
1.

Therefore, the CPU 101 erases the compressed image data
of the second page of the document 1 stored 1n the HDD 105
(step S508), and the compressed data of the third page of the
document 5 stored in the memory 102 1s stored into the same
sector (step S509). In this time, the management information
of a printed document on the memory 102 1s updated as
shown 1n FIG. 17.

In the management information shown 1n FIG. 17, the
third page of the document 5 1s stored 1n the HDD 103 at the
sector number “25020”. Since another document was
deleted when storing the third page of the document 3§,
information (such as flag information) indicating the dele-
fion of the document 1s stored.

Next, rendering of code data of the fourth page of the
document § 1s carried out to prepare 1mage data on the
memory 102, and image data 1s transferred to the printer
engine 11 through the printer I/F 108. Thus, printing is
carried out (steps S511 to S512 and steps S503 and S510).
At the same time, compression 1s performed by the CODEC
106 (step S504), the compressed image data is once stored
into the memory 102, and whether or not the compressed
image data can be stored into the HDD 105 1s confirmed
(step S505).

In this time, since the HDD 1035 has a capacity for storing,
the compressed 1mage data 5 MB of the fourth page of the
document 5, compressed 1image data 1s read out from the
memory 102 and is written into the HDD 105 (step S506).
In this manner, printing of the fourth page of the document
5 1s completed and printing of the first set of the document
5 1s completed. Then, management information as shown 1n
FIG. 17 has been stored on the memory 102.

Next, the operation goes to printing of the second set. As
for the second set of the document, 1t 1s apparent from the
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management information shown m FIG. 17 that image data
of those pages whose rendering has been completed among
all of the first to fourth pages of the document § 1s com-
pressed and stored in the HDD 10S5. Therefore, at first, the
CPU 101 reads out compressed 1image data of the first page
from the HDD 105 and once stores the compressed image
data into the memory 102. The compressed 1image data is
transterred to the CODEC 106 and 1s expanded. Thereatter,
the 1mage 1s stored into the page memory area of the
memory 102. The image data 1s read out from the memory
102 and 1s transferred to the printer engine 11. Printing of
image data of the first page is thus carried out (steps S514
to S516).

Since the second to fourth pages are stored in the HDD
105 as compressed data, like the first page, printing 1s carried
out like 1n the same manner as described above and a second
set of the printed document 1s obtained (step S513).

Next, the operation goes to processing for recovering the
compressed data of the second page of the document 1
which was previously deleted to store the compressed data
of the third page of the document 5 into the HDD 105. That
1s, the code data of the document 1 1s read from the HDD 105
and 1s stored into the memory 102. Further, the CPU 101
interprets the code data stored in the memory 102 and
performs rendering processing of only the second page of
the document 1, to prepare 1image data in the page memory
area on the memory 102 (step S519). Next, the image data
1s read out and transferred to the CODEC 106, and com-
pression processing is carried out (step S520) to store once
the data into the memory 102. The data 1s then stored at the
sector number 25020 where the data was originally stored in
the HDD 105 (step S521). In this manner, it is possible to
recover the data of the second page of the document 1.

According to the fifth embodiment, since 1mage data of all
the four pages of the document 5 can be stored 1nto the HDD
105, rendering processing needs not be performed in the
print operation of the second and later set of a document, as
1s apparent from the timing chart shown 1n FIG. 19. Printing
can therefore be performed at a high speed.

As described above, according to the fifth embodiment, 1f
the HDD 1035 does not has an empty capacity enough to store
the image data (or compressed data) of each page, a file
which can be deleted 1s retrieved from the HDD 1085 and 1s
deleted therefrom to prepare an empty capacity. For
example, 1n case where a file has character code data and
image data 1n the HDD 1085, the character code data can be
reproduced later from the character code data even 1f the

image data 1s deleted. Such a file which can be deleted 1s
retrieved and 1s deleted. It 1s considered that other various
data can be deleted than such a file as described above.
Thus, according to the fifth embodiment, in the print
operation of the first set, when image data (or compressed
data) of every page obtained by rendering code data is stored
into the HDD 105, whether or not the HDD 105 has an
empty capacity equivalent to the data amount of the com-
pressed data of a page 1s checked for every page. If there 1s
no empty capacity equivalent to the data amount of the
compressed data of any page, and 1f there 1s a piece of image
data which has a data amount larger than or equal to the
amount of the piece of the compressed data of the page to be
stored at present and which can be recovered after the data
is erased (i.e., code data of the image data is stored), among
pieces of compressed 1image data of pages of any other
document stored i the HDD 1085, the image data which can
be erased is erased and the compressed data of the page to
be stored at present i1s stored into the HDD 105. In this
manner, in the print operation of the second and later sets of
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a document, the previously limited empty capacity of the
HDD 105 can be effectively used, and rendering processing
needs not be performed 1n the print operation as for such a
page that has 1mage data stored 1n the HDD 105. Therefore,
print operation can be performed at a higher speed.

(Sixth Embodiment)

Consideration will now be taken into a case where the
memory 102 of FIG. 1 has a capacity equivalent to two
pages of print 1mages. In this case, the page memory 1s
equivalent to two pages, and therefore, rendering of a next
page can be performed during printing of a page. That 1s, a
page memory area for one page 1s used to transfer 1image
data whose rendering has been completed to the printer
engine 11 through the printer I/F 108. At the same time, a
page memory area for another page i1s used to perform
rendering of the page to be printed next, and the 1mage data
thereof 1s stored.

Suppose that the memory 102 of FIG. 1 has a page
memory area equivalent to two pages of print 1images. For
example, rendering of the second page of the document 5 1s
performed during printing the 1image data of the first page
after completion of rendering of the first page of the docu-
ment 5, and thus, rendering of a next page 1s sequentially
performed immediately after rendering of a page. Even in
this manner, an empty arca of only 37 MB remains in the
HDD 105 after compressed image data of the first page of
the document 5 1s stored mto the HDD 1035, according to the
present embodiment. Only the compressed data of the first
and second pages of the document 5 can be stored.
Therefore, as 1s apparent from the timing chart shown in
FIG. 21(a), the memory 102 has a page memory area for
only one page until printing of the first page of the second
set 1s completed, and therefore, rendering of the third page
cannot be performed. Accordingly, when the rendering time
of the third page 1s longer than the printing time of the
second page, an interval time appears until printing of the
third page 1s started after the completion of the second page.

Hence, consideration 1s taken into the point described
above 1n the sixth embodiment. In case where the page
memory are of the memory 102 used for rendering and data
developing during printing has a capacity equivalent to two
pages, the printing time and the rendering time 1s compared
with each other when image data (which may be
compressed) after rendering is stored into the HDD 105, and
only such a piece of image data whose rendering time 1s
longer than the printing time 1s stored into the HDD 105.

In the following, the sixth embodiment will be explained
with reference to the flowchart shown 1n FIG. 20 and the
timing chart shown in FIG. 21(b). Explanation will be made
with reference to an example 1n which two sets each
consisting of a document 5 are newly printed 1n case where
the storing state of the HDD 105 1s 1n the state shown 1n FIG.
7, like 1n the explanation to the first embodiment.

At first, code data of the first page of the document 5 1s
interpreted and image data 1s prepared (steps S601 to S603).
In this time, the rendering time 1s measured with use of the
timer 104. Upon completion of the rendering, data 1s trans-
ferred to the printer engine 11 through the printer I/F 108 and
is then printed (step S607). In this time, the time required for
printing 1s measured with use of the timer 104, or the
printing time may be set to a constant time previously
predicted. Here, supposing that the rendering time of the first
page of the document § 1s shorter than the printing time
thereof (step S604), the first page is not stored into the HDD
105 but only the code data thereof 1s maintained.

In case of the sixth embodiment, the memory 102 has a
page memory area equivalent to two pages, and therefore,
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rendering of the second page 1s carried out during printing
of the first page (steps S608 to S609 and S603). If the

rendering time of the second page 1s longer than the printing
time thereof as a result of measuring the rendering time of
the second page (step S604), the image data of the second
page is stored into the HDD 105 after compression (steps
S605 to S606).

During printing the image data of the second page (step

S607), rendering of the third page of the document S is
carried out (steps S608 to S609 and S603), the rendering

time 1s measured by the timer 104. If the rendering time 1s
then longer than the printing time (step S604), the image

data 1s compressed by the CODEC 106, and thereafter, the
compressed data is stored into the HDD 105 (steps S605 to

S606).
During printing the image data of the third page (step

S607), rendering of the fourth page of the document § is
carried out (steps S608 to S609 and S603) and the rendering
time 1s measured by the timer 104. If the rendering time 1s

shorter than the printing time (step S604), the image data of
the fourth page 1s not stored into the HDD 105.

Next, the operation goes to printing of the second set of
the document. As for the first page of the document 3§,
rendering 1s carried out with use of code data. In this time,
since the memory 102 has a page memory area equivalent to
two pages, rendering processing of the first page of the
second set of the document 1s performed while printing the
fourth page of the first set of the document 5, to prepare
image data on the memory 102 (steps S611 and S614).

As described above, the rendering time 1s shorter than the
printing time as for the first page of the document 5, and
therefore, rendering processing 1s completed before comple-
tion of printing of the fourth page of the first set. Immedi-
ately after completion of printing of the fourth page of the
first set, printing of the first page of the second set 1s enabled
(step S615).

While printing the first page of the second set (step S6185),
the 1mage of the second page 1s developed. From the
management information, the image data of the second page
can be determined as having been stored as compressed data
in the HDD 105. The compressed data 1s once read out from
the HDD 1035 onto the memory 102 and 1s expanded by the
CODEC 106. Thereafter, the 1mage data 1s stored into the
memory 102 (steps S611 to S613). Therefore, after comple-
tion of printing of the first page of the second set, printing
of the second page 1s started (step S6185).

While printing the second page of the second set (step
S615), the image of the third page is developed. From the
management information, the image data of the third page
can be determined as having been stored as compressed data
in the HDD 105. The compressed data 1s once read out from
the HDD 1035 onto the memory 102 and is expanded by the
CODEC 106. Thereafter, the image data is stored into the
memory 102 (steps S611 to S613). Therefore, after comple-
tion of printing of the second page of the second set, printing
of the third page is started (step S615).

While printing the third page of the second set (step
S615), the image data of the fourth page is prepared on the
memory 102. In this time, according to the management
information, the fourth page is not stored 1n the HDD 1035,
and therefore, rendering from the code data stored in the
memory 102 1s carried out to prepare 1image data. Printing 1s
then carried out (steps S611, S614, and S615). Since the time
required for the rendering processing is shorter than the
printing time, printing of the fourth page i1s enabled 1imme-
diately after completion of printing of the third page of the
second set, and printing of the second set 1s thereby com-
pleted.
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By storing only such a piece of image data that has a
longer rendering time than the printing time i1nto the HDD
105, the page memory area of the memory 102 equivalent to
two pages can be effectively used as 1s apparent from the
timing chart shown in FIG. 21(b). Therefore, pages can be
sequentially printed without an interval time.

As described above, according to the sixth embodiment,
the rendering time and the printing time are compared with
cach other, and such a page that requires a rendering time
shorter than its printing time 1s not stored 1nto the HDD. This
1s based on the following ground. If rendering processing of
a page 1s performed in parallel during printing processing of
another page, the entire print processing time 1s not elon-
cgated by the rendering processing as far as the rendering
fime of a page 1s shorter than the printing time thereof.
Therefore, 1n this case, even 1f 1mage data once developed 1s
stored 1nto the HDD and 1s used for the second and later sets,
the processing fime 1s the same as that in case where the
image data 1s stored and used for the second and later sets.
For the purpose of saving the storage capacity of the HDD,
image data 1s not stored into the HDD 105. In this manner,
the storage capacity of the HDD can be saved and a large
amount of 1image data can be stored. Therefore, necessary
shortening of the time can be enabled efficiently.

Although embodiments of the present invention have
been explained above, the memory section for storing 1mage
data (which may be compressed) obtained by rendering
needs not always be a HDD but may be, for example, a
semiconductor memory, an optical disk, or an arbitrary
storage medium.

The embodiments are not limited to code data 1 for a
printer, such as PDL, but 1t 1s possible to use code data

dependent on an application for a PC, such as data of WORD
format, ICHITARO format, or the like.

Further, any print control method described 1n the above
embodiments can be distributed as a program which can be
executed by a computer and can be stored 1n a magnetic disk
(such as a floppy disk or hard disk), an optical disk (such as
a CD-ROM or DVD), a semiconductor memory or the like.
For example, in case of the structure shown 1 FIG. 1, the
program described 1n the embodiment is stored in the HDD
105 and the CPU 101 executes the print control operation as
shown 1n the embodiment.

As has been described above, according to the fourth
embodiment, the rendering time of each page 1s measured,
and a document 1s erased in the order from the document
which requires a shorter rendering time and 1s replaced with
a new document. As a result of this, the rendering time of a
page having image data which could not be stored into the
HDD 105 can be shortened when printing the second and
later sets of a document. Therefore, printing can be per-
formed at a high speed as a whole.

In addition, according to the fifth embodiment, image data
stored 1n the HDD 105 or compressed data obtained by
compressing 1mage data and also stored 1n the HDD 105 1s
crased and new 1mage data 1s stored, since it 1s easy to
prepare 1mage data from code data with respect to a docu-
ment whose code data 1s stored. In this manner, electronic
sorting of a plurality of sets i1s enabled.

According to the sixth embodiment, data 1s erased 1n the
order from the data of the page having the largest data
amount when erasing data. In this manner, a large amount of
data can be stored in the HDD 105.

Image data of another document than the document being
printed at present 1s temporarily erased, and the memory
storage thus erased 1s used to store 1mage. In this manner, a
plurality of sets of documents can be printed by rendering,
for one time, even 1f the HDD 105 has no enough empty
capacity.
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Thus, 1n case where the HDD 105 has no enough empty
capacity, high speed printing 1s enabled.

As described above, according to the present invention, a
plurality of sets of documents can be printed at a high speed
by efficiently storing image data (or print data) after ren-
dering 1n consideration of the data amount, rendering time,
and the like of the image data.

Additional advantages and modifications will readily
occurs to those skilled in the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. An 1mage forming apparatus comprising:

a rendering function unit which performs a rendering
process and outputs 1image data for each page corre-
sponding to mputted code data;

a memory which stores the 1mage data outputted by the
rendering function unit;

a printing engine which prints one of 1mage data outputted

from the rendering function unit and 1image data stored
in the memory;

a comparing function unit which compares an amount of
the 1image data with an empty capacity of the memory
and produces a comparison result; and

a controller which controls the memory and the printing
engine and changes a printing method 1n accordance
with the comparison result of the comparing function
unit.

2. An 1mage forming apparatus according to claim 1,

wherein:

the controller controls the memory and the printing
engine, such that when the empty capacity of the
memory 1s larger than the data amount, the 1mage data
outputted from the rendering function unit 1s stored 1n
memory, and the printing engine prints the 1mage data
stored 1n the memory, and

the controller controls the rendering function unit and the
printing engine, such that when the empty capacity 1s
smaller than the amount of the image data, the render-
ing function unit performs the rendering process again
so as to output 1mage data corresponding the inputted
code data and the printing engine prints the image data
subjected to the rendering process again.

3. An 1mage forming apparatus according to claim 1,

wherein

the controller compares the amount of the 1image data and
the empty capacity of the memory each time the
rendering function unit prepares the 1mage data, and
controls the rendering function unit and the printing
engine such that the image data is stored 1n the memory
when the empty capacity i1s larger than the amount of
the 1mage data, and

the controller controls the rendering function unit, the
memory, the printing engine, and the comparing func-
tion unit, when the amount of the 1mage data 1s larger
than the empty capacity of the memory, such that the
image data 1s prevented from being stored in the
memory.

4. An 1mage forming apparatus according to claim 1,
wherein

the controller compares an amount of image data and the
empty capacity of the memory, and controls the
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memory to store the image data when the empty
capacity of the memory 1s larger than the amount of the
image data, and

the controller controls the rendering function unit, the
memory, the printing engine, and the comparing func-
tion unit, such that when the empty capacity of the
memory 1s smaller than the amount of the 1mage data,
a largest of a plurality of different image data stored in
the memory, 1s erased from the memory.

5. An 1mage forming apparatus according to claim 1,

wherein

the controller compares an amount of the 1mage data and
the empty capacity of the memory, and controls the
memory to store the i1mage data when the empty
capacity 1s larger than the amount of the image data,
and

the controller controls the rendering function unit, the
memory, the printing engine, and the comparing func-
tion unit, such that when the empty capacity of the
memory 1s smaller than the amount of the 1mage data,
one of a plurality of 1image data stored in the memory
which requires a shortest time for preparation by the
rendering function unit, 1s erased from the memory.

6. An 1mage forming apparatus according to claim 1,

wherein

the controller compares an amount of the image data and
the empty capacity of the memory, and controls the
memory to store the image data when the empty
capacity 1s larger than the amount of the image data,
and

the controller controls the rendering function unit, the
memory, the printing engine, and the comparing func-
tion unit, such that when the empty capacity is smaller
than the amount of the 1mage data, erasable data stored
in the memory 1s erased therefrom and the 1image data
1s stored 1n the memory.

7. An 1mage forming apparatus according to claim 1,

wherein:

the controller compares a first time required for prepara-
tion of 1mage data corresponding to each page per-
formed by the rendering function unit, and a second
time required for printing of the 1mage data correspond-
ing to each page performed by the printing engine, and
controls the memory to store the 1mage data when the
first time 1s longer than the second time, and

the controller controls the rendering function unit, the
memory, the printing engine, and the comparing func-
tion unit, such that the 1image data 1s prevented from
being stored in the memory when the second time 1s
longer than the first time.

8. An 1mage forming apparatus according to claim 1,
wherein the change 1n printing method comprises selectively
supplying the printing engine with 1mage data from one of
the memory and the rendering function umnit.

9. An 1mage forming method comprising:

rendering and outputting image data for each page cor-
responding to inputted code data using a rendering
function unit;

memorizing the 1image data outputted by the rendering
function unit 1n a memory;

comparing an amount of the image data with an empty
capacity of the memory and producing a comparison
result; and

controlling the memory and a printing engine and using,
the printing engine to print one of a) image data
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outputted from the rendering function unit and b) image
data stored 1n the memory depending on the compari-
son resullt.
10. An image forming method according to claim 9,
wherein the controlling of the memory and the printing
engine 1s such that:

a) when the empty capacity of the memory is larger than
the data amount from the rendering function unit, the
image data outputted from the rendering function unit
1s stored 1n memory, and the printing engine prints the
image data stored in the memory, and

b) when the empty capacity is smaller than the amount of
the 1mage data, the rendering function unit performs the
rendering process again so as to output image data
corresponding the inputted code data and the printing
engine prints the 1mage data subjected to the rendering,
Process again.

11. An 1mage forming method according to claim 9,
wherein the controlling of the memory and the printing
€ngine Comprises:

comparing the amount of the 1mage data and the empty
capacity of the memory each time the rendering func-
fion unit prepares 1image data,

storing the 1mage data in the memory when the empty
capacity of the memory 1s larger than the amount of the
image data, and

preventing 1image data from being stored in the memory
when the amount of the image data 1s larger than the
empty capacity of the memory.

12. An image forming method according to claim 9,
wherein the controlling of the memory and the printing
€ngine Comprises:

comparing an amount of 1mage data and the empty

capacity of the memory,

storing the 1mage data in the memory when the empty
capacity of the memory 1s larger than the amount of the
image data, and

crasing the largest one of a plurality of different data
stored 1n the memory when the empty capacity of the
memory 1s smaller than the amount of the image data.
13. An 1mage forming method according to claim 9,
wherein the controlling of the memory and the printing
€ngine Comprises:
comparing an amount of the 1image data and the empty
capacity of the memory,

controlling the memory to store the 1image data when the

empty capacity 1s larger than the amount of the 1mage
data, and

erasing one ol a plurality of 1mage data stored in the
memory which requires a shortest time for preparation
by the rendering function unit when the empty capacity
of the memory 1s smaller than the amount of the image
data.

14. An 1mage forming method according to claim 9,
wherein the controlling of the memory and the printing
€engine COmprises:

comparing an amount of the 1image data and the empty

capacity of the memory,

controlling the memory to store the 1image data when the

empty capacity 1s larger than the amount of the 1mage
data, and

crasing crasable data stored in the memory when the
empty capacity 1s smaller than the amount of the image
data and storing the 1mage data in the memory.
15. An i1mage forming method according to claim 9,
wherein the controlling of the memory and the printing
engine Comprises:
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comparing a first time required for preparation of 1mage
data corresponding to each page performed by the
rendering function unit, and a second time required for
printing of the 1mage data corresponding to each page
performed by the printing engine,

storing 1mage data in the memory when the first time 1s
longer than the second time, and

preventing 1mage data from being stored 1n the memory
when the second time 1s longer than the first time.
16. An image forming apparatus comprising:

a rendering function unit which performs a rendering
process and outputs 1image data for each page corre-
sponding to inputted code data;

a memory which stores the image data outputted by the
rendering function unit;

a printing engine which prints one of image data outputted
from the rendering function unit and image data stored
in the memory;

a prinfing engine which prints one of 1mage data outputted
from the rendering function unit and 1image data stored
in the memory;

a comparing function unit which compares a first time
required for preparation of image data corresponding to
cach page performed by the rendering function unit,
and a second time required for printing of the 1image
data corresponding to each page performed by the
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printing engine, and controls the memory to continuing
storing the 1mage data when the first time 1s longer than
the second time, and

a controller which controls the rendering function unit,

the memory, the printing engine, and the comparing

function unit, such that the 1mage data 1s prevented

from being stored 1n the memory when the second time
1s longer than the first time.

17. An 1mage forming method comprising:

rendering and outputting 1image data for each page cor-
responding to inputted code data using a rendering
function unit;

storing the 1mage data outputted by the rendering function
unit 1n a Memory;

comparing a first time required for preparation of 1mage
data corresponding to each page performed by the
rendering function unit, and a second time required for
printing of the 1mage data corresponding to each page
performed by a printing engine,

continuing storing the 1image data in the memory when the
first time 1s longer than the second time, and

preventing the 1mage data from being stored in the
memory when the second time 1s longer than the first
time.
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